Sport science is concerned with maximizing training outcomes, including the acceleration of learning and refinement for skilled performance. A factor in the rate of learning that has been identified in education, though not addressed in depth in motor learning, is learning style. Learning style is generally a learner's preferred ways of responding (cognitively and behaviorally) to learning tasks. It has been defined as a state-like learning preference, that is, a learning preference that changes depending on the learning environment or context. (Peterson et al., [@B13]) There is mounting evidence that learning styles are distinct from cognitive processing abilities. (Mayer and Massa, [@B10])

While a detailed review of the available learning styles literature is beyond the scope of this article, current practices by classroom teachers and sports coaches highlight the relevance of learning styles for designing an effective learning environment. Borrowing form the available literature in educational and sport psychology, we suggest methodological guidelines to test the effectiveness of instructing athletes in ways that are consistent with their learning preference. During practice coaches commonly present technical cues to the athlete using different modalities (e.g., visual, verbal). This process requires athletes to take in and apply the new-learnt information. We propose technical skill development as a potential avenue for the application of learning styles to coaching and instruction. If learning styles-based instruction facilitates communication between coach and athlete, then it is reasonable to consider that athletes from different sports and with different levels of expertise might benefit from such instruction.

Over the past century, the learning style perspective has acquired great influence within the educational field. Pashler et al. ([@B11]) note that there is a thriving industry devoted to publishing learning style tests and guidebooks for teachers. The authors further highlight that many organizations offer professional development workshops that are built around the concept of matching learning preferences/abilities and instructional methods. In support of these practices, Sternberg et al. ([@B16]) for example found that college students showed improved learning when they were instructed in ways that were consistent with their ability patterns. For a full review on available learning style theories and models see Cassidy ([@B5]).

Although it seems to be a relevant topic for the learning of motor skills, including sport skills, there is a lack of research investigating the relevance of learning styles to sport. This finding is not surprising, given the long held view that general motor ability (Ackerman, [@B1]; Adams, [@B2]) and task specific motor ability (Fleishman and Hempel, [@B7]) are one of the major determinants of skilled task performance. In the literature, motor ability (e.g., balance, timing) has been described as a relatively stable predictor of a person's achievement potential for skilled performance. (Magill, [@B9]) Consequently, studies investigating the relevance of individual difference variables for skill acquisition mostly considered the impact of stable performance predictors such as motor ability.

More recent perspectives in sport, however, emphasize the large impact that training (e.g., Ericsson et al., [@B6]) and the structure of training (e.g., Patterson and Lee, [@B12]) can have on success. In addition, a large number of professional sports teams have become engaged in learning styles testing (Schwab, [@B15]), acknowledging the potential role of learning style for learning progress (e.g., skill development) and learning outcomes (e.g., performance assessment). It is thus appropriate for sport scientists to examine the area of learning styles toward the goal of designing an effective training environment.

Current Perspectives
====================

A component of learning styles that has been adopted to assist coaches and instructors toward the goal of maximizing training is perceptual preference. Perceptual preference refers to an athlete's preferred sensory modality (e.g., verbal, visual) for receiving and attending to information in the environment. Given that athletes typically employ multiple senses during skill skilled performance, perceptual preferences can reasonably be expected to influence the learning process.

A popular way of adapting this concept to coaching and instruction is to match perceptual preference and instructional method. These practices reflect more recent perspectives in sport, which acknowledge the role that individual difference variables (e.g., learning style) play for an effective communication process between coach and athlete (Reid et al., [@B14]).

While coaches and instructors commonly adopt learning styles to maximize training outcomes, and there is a theoretical base for the practice, there has been little to no empirical support for the efficacy of the practice to date. In an attempt to provide a methodological framework capable of assessing the effectiveness of learning style-based instruction, Pashler et al. ([@B11]) defined and investigated the learning style hypothesis. This hypothesis claims that learners will benefit from instruction that is tailored to their individual learning style. According to Pashler and colleagues, credible validation of the learning style hypothesis requires robust documentation that the learning method that optimizes learning for one learning style group is different to the learning method that optimizes learning for a second learning style group. Following their review of the literature (primarily explaining traditional classroom-type tasks and learning) the authors found no studies that provided such evidence.

To address this issue, Pashler et al. ([@B11]) suggested the following design, which can be applied to the sporting context: first, on the basis of a chosen measure of learning style, athletes should be divided into two or more groups (e.g., visual and verbal learners). Second, athletes within each learning style group are randomly assigned to one of at least two different learning methods (e.g., visual and verbal learning method). Third, following the instructional phase, all athletes are to be given the same test of achievement. As noted above, in order to support the learning style hypothesis, the results of this design need to show that the learning method that optimizes test performance in one learning style group is different to the learning method that optimizes test performance of a second learning style group.

Few studies have used an experimental methodology capable of assessing the effectiveness of learning style-based instruction on the basis of the above guidelines. Studies that investigated the application of learning preferences/abilities to instruction (e.g., Sternberg et al., [@B16]) generally assigned learners to either a 'matched' group (i.e., learners were instructed in a way that was consistent with their learning preference/ability) or an unmatched group. After the learning phase, all learners completed the same test of achievement. The analysis then compared the mean learning scores of both groups. The problem with this design however is that it cannot test whether the learning method that is best for one learning preference/ability group differs to the learning method that is best for a second learning preference/ability group.

Another gap in the available literature on learning styles for sport skills is that no empirically validated tools currently exist to assess learning styles in athletes. While numerous learning style tools exist to assess learning styles in the classroom (see Cassidy, [@B5] for a review), the only inventory specific to motor skills is the VARK-athlete (Bonwell and Fleming, [@B3]). In recent times, the VARK-athlete has been the primary test used in sports settings to evaluate learning in motor skills (Schwab, [@B15]). However, the athlete version of the VARK is still based on classroom content learning and not based on learning motor skills. For example, a sample item is as follows:

> You are about to give directions to an athlete who is standing with you. The athlete is new to town and needs to get to the athletic complex. The athlete has a bike. I would: a) draw a map on paper b) tell them the directions c) write down the directions d) bike with them to the complex (Bonwell and Fleming, [@B3]).

Rather than using an example of how the learner would prefer to learn a *motor skill*, as is the case for athletes, this question has been created by simply transferring the original classroom-setting question to a sporting environment. All 13 questions replicate the above example. Instead, an athlete learning styles questionnaire to evaluate preferred learning styles for motor skills should include items that are specific to motor skills in sport specific environments. Moreover, recent evidence suggests that validity of the VARK (and thus presumably the VARK-athlete) is questionable. (Leite et al., [@B8])

Future Directions
=================

With these shortcomings in mind, avenues for future research in the area of learning styles for sport skills are clear. First, future research should attempt to design and validate an assessment tool for learning styles in the sport environment. Second, in order to credibly assess the effectiveness of learning style-based instruction toward the goal of maximizing training, the learning style hypothesis needs to be empirically validated. Finally, future research should seek to reveal the mechanisms underlying perceptual preference and their acquisition.

While Pashler et al. ([@B11]) design provides a methodology capable of testing the learning style hypothesis, we further suggest supplementing it by including a test of skill proficiency at the beginning of the experiment as a potential covariate. This inclusion is made to control for the rate of skill acquisition during practice, which has been found to vary according to individual differences in skill proficiency between learners (Boyle and Ackerman, [@B4]). That is, athletes with lower skill proficiency at the beginning of the training phase can reasonably be expected to improve more than athletes with higher levels of skill, irrespective of instructional methods.

Two key components of Pashler's design will have to be addressed however before it can be implemented successfully: first, research must design and validate a sport specific assessment tool for learning styles in athletes. We define learning styles as learning preferences, rather than as cognitive abilities, which are likely to change depending on the learning context. In line with this definition, we recommend using questionnaires to identify athletes' preferred modalities across different sports (e.g., basketball, golf). Second, research should identify multiple measures to assess achievement or skill improvement in athletes. Depending on the sport, such measures could include form, performance, and transfer. In tennis for example, these measures would reflect technical stroke production, accuracy of the shot, and whether the athlete is able to apply the new-learnt information in a match situation.

A possible avenue for testing the effectiveness of learning styles according to Pashler's design could be during technical skill development. In training, coaches commonly present new information visually (e.g., demonstrations) and verbally (explanations) to the athlete. To test the learning style hypothesis, athletes will have to be classified according to their learning style (e.g., visual or verbal as described above) and then be randomly assigned to a learning method (e.g., visual or verbal). During the intervention phase, the instructor will present technical cues to both learning groups that are designed to enhance skilled performance.

Both learning groups will be taught equivalent cues to ensure that the visual and verbal learning methods have the same impact to learn a movement. Athletes in the visual group will be taught via demonstrations only, while athletes in the verbal group will be taught via explanations only. After the learning phase, all athletes complete the same test of achievement and/or skill improvement. Individual differences between athletes at the beginning of the experiment can be controlled for statistically by including skill proficiency as a covariate. A strength of this design therefore is that it can be applied across different sports and with athletes of different levels of expertise.

Together, these recommendations for future research highlight exciting avenues for investigating the application of learning styles to sport skills. Designing an assessment tool specific to motor skills and testing the learning style hypothesis for sport skills will be a first step toward evaluating the effectiveness of learning style-based instruction for athletes. Identifying how athletes prefer to learn could assist coaches when introducing new skills or fine-tuning established ones, thus improving outcomes and performance. This in turn could accelerate the learning of these skills and therefore improve performance of the athletes.
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